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PURPOSE: To improve image contrast for oblique 
illumination performed by a plurality of illuminating 
devices when a reticle pattern is a line-and-space 
pattern whose lengthwise direction is vertical to the 
incident plane of the illuminating light. 
CONSTITUTION: Four apertures 24a-24d of a space 
filter as a secondary light source forming part are 
covered with a polarizing plates 24A-25D and the 
polarizing direction of the polarizing plates 25A-25D 
is set in the direction of the tangential line of a 
circumference whose axis is an optical axis AX. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[claim 1] In the illumination-light study equipment which illuminates the predetermined field on a 
body to homogeneity by the illumination light from an illumination-light study system said 
illumination-light study system Illumination-light study equipment characterized by having a 
polarization means to form the illumination light which carries out the linearly polarized light m the 
inclination light means forming which forms the inclination light which illuminates said 
predetermined field from across, and the direction which intersected perpendicularly to fee plane ot 
incidence of said inclination light which changes this inclination light and carries out oblique 
illumination of said predetermined field. 

rClaim 21 In the illumination-light study equipment which has the light source which supplies the 
illumination light, and the condensing optical system which illuminates the predetermined field on a 
body to homogeneity by this illumination light Arrange the inclination light means forming which 
forms the secondary light source which carried out eccentricity to the optical axis of said condensing 
optical system by said illumination light, and illuminates said predetermined field from across 
between said light sources and said condensing optical system, and this inclination light is changed. 
Illumination-light study equipment characterized by having arranged a polarization means to form 
the illumination light which carries out the linearly polarized light in the direction which intersected 
perpendicularly to the plane of incidence of the inclination light which carries out oblique 
illumination of said predetermined field, between said inclination light means forming and said 
condensing optical system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] This invention is applied to the illumination system of the projection aligner 
used in case a semiconductor device or a liquid crystal display component is manufactured, and 
relates to suitable illumination-light study equipment. 

[Description of the Prior Art] In case a semiconductor device or a liquid crystal display component is 
manufactured using a photolithography technique, the projection aligner which imprints a photo 
mask or the pattern of a reticle (it is hereafter named a "reticle" generically) on a sensitization 
substrate is used. In this projection aligner, to be able to burn a more detailed pattern wife high 
resolution is demanded with high integration of a semiconductor device etc. The phase shift reticle 
method for using the cross protection of the light from the area pellucida from which the pattern 
space of a reticle differs as an approach of realizing this is indicated by JP.62-5081 1,B. If this 
approach is applied to Rhine - and - tooth-space image, the zero-order diffracted Tight will be lost 
fundamentally, and it becomes the image formation only by the primary [ **] diffracted light, and 
Rhine - more detailed than the case of the conventional reticle and - tooth-space image can be burned 
in high resolution also by the projection optics of the same numerical aperture. 
r00031 Moreover, as another approach for raising resolution more, an illumination-light study system 
is devised and the approach which is high resolution and can be burned with the comparatively deep 
depth of focus in a detailed pattern is proposed by these people (for example, collection of March, 
1992 applied physics relation union lecture meeting drafts 30-a-NA -3, 4 reference). Below, the 
approach is explained per the approach with reference to "two or more oblique illumination method , 
a call and drawing 8 . First, drawing 8 (a) shows the equivalence light source sections 10, such as 
the secondary light source sections in the illumination-light study system which applied two or more 
oblique illumination method, and the four small light sources 1 1 A-l ID are arranged in accordance 
with the symmetrical shaft in this drawings (a) about shaft x 1 which crosses at 45 degrees tO ( the x 
axis and the y-axis which form a rectangular coordinate system, respectively and this shaft x and 
the y-axis In the case of Rhine - and - tooth-space pattern with which the pattern of the reticle made 
applicable to an imprint has a long edge mainly parallel to a x axis, or a long edge parallel to the y- 
axis, the array of these small light sources 1 1 A-l ID is suitable. 

[00041 Drawing 8 (b) shows the outline configuration of the projection aligner which makes the light 
source the equivalence light source section 10 of that drawings (a), and is aslant irradiated by the 
reticle 12 to an optical axis AX in this drawing 8 (b) through the condenser-lens system in which 
chief ray 15A of the illumination light from small light source 11A of the equivalence light source 
section 10 carried out the illustration abbreviation. The equivalence light source sections 10 are pupil 
surface (entrance pupil side) 10A of projection optics 13, and conjugation, and aperture-diaphragm 
13a is prepared in this pupil surface. From the reticle 12, zero-order diffracted-hght (this is also 
expressed with sign 15A) and primary diffracted-light 16A is mostly injected by the symmetry to an 
optical axis AX, and these zero-order diffracted-light 1 5 A and primary diffracted-hght 1 6A carry out 
incidence of the **** for projection optics 13 to the wafer 14 as a sensitization substrate by the 
almost same incident angle theta. In this case, in order that zero-order diffracted-hght 15A and the 
primary diffracted light may receive optical-axis AX and may pass near the periphery of a pupil to 
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the symmetry, the resolution to the performance limit of projection optics 13 is obtained 
moOSmoreoVer, by the method in which the zero-order diffracted light carries out mcidence at right 
angles to a wafer Ulike before, since the waye aberration of the zero-order dMbgto the 
amount of defocusing of a wafer 14 differs from the wave aberration of other diffracted hghts 
TeX the depth of focus is shallow. On the other hand, with the configuration of dra^vingl (b) in 
Sder that me Lro-order diffracted light and the primary diffracted light may carry out incidence to a 
wafer 1 4 by the equal incident angle, the depth of focus on which a phase etc. spreads the wave 
Tberration of the zero-order diffracted light in case a wafer 14 is before and behind the focal location 
of projection optics 13, and the primary diffracted light is deep. 

KlemCs) to be Solved by the Invention] It is effective if it is Rhine [ of the direction of a x axis, 
or the direction of the y-axis ] -, and - tooth-space pattern 8 by the two or more oblique illumination 
method. As shown in drawing 9 , a long edge receives a x axis or the y-axis. On the other Tiand, m 
the case of Rhine [ of a 45-degree direction ] -, and - tooth-space pattern 9 Supposing 10A is fee 
mfpUof projection optics, the diffracted light from small 2 [ 1 IB and 1 ID ] of the four small light 
sources 1A-1 ID of draingj? (a) Only the zero-order diffracted lights 15B and 15D pass pupil 10A 
ofTrrojection lens andln^der that the primary [ **] diffracted lights 16B and 16D may not pass 
pupil 1 OA, they will not form a pattern on a wafer 14 and will only illuminate a wafer 14 uniformly. 
Consequently, the contrast of the pattern on a wafer 14 will fall ,:„*,♦ tn 

[0007] | Easy numerical calculation shows this. The strength of the primary [ **] diffracted light to 
fee strength of the zero-order diffracted light is set to a, and it is considered that each smallness light 
sources 1 1 A-11D are the point light sources. At this time, Rhine - long in the direction of fee y-axis 
and image intensity-distribution [ on the x axis in the case of - tooth-space pattern ] I (x) are as 
follows as the sum of the image intensity distribution by each smallness light source. 
[Equation 1] 

irx>=4{l+a2+2a-cos[(4 pi/lambda) (sintheta)x]j . 
0008] Here, the incident angle theta is an angle which the zero-order diffracted hght or the > primary 
**1 diffracted light makes with an optical axis AX, as shown in drawing 8 (b). On fee ofeer hand, 
when x- shafts are set as the axis of coordinates of the direction of 45 degree m the case of Rhine - 
and - tooth-space pattern long in the direction which intersects a x axis or fee y-axis at 45 degrees, 
intensity distribution I (x') are as follows. 
[Equation 2] 

I(x') = 2 {l+a2+2 a-cos [(4 pi/lambda) (smtheta) x]} 
+2{1} 

= 4 (l+(a2/2)+a-cos [(4 pi/lambda) (smtheta) x]} or,H 
[0009] (Several 1) It is as follows when it asks for fee contrast Cx of each intensity distribution, and 
Cx' from reaching (several 2). 
[Equation 3] 

Cx=2a/(l+a2), Cx'=a/(l+a2/2) 

[0010] In this case, a degree type is materialized. 

rx-Cx'=a/((l+a2)(l+a2/2)}>0, therefore a degree type are materialized. 
rEquation 4] Cx>Cx' [001 1] Therefore, the fall of the contrast of a long pattern is shown in the 
toectiTwhich intersects ax axis at 45 degrees. For example, since a is set to2/pi in the strength of 
fee primary [ **] diffracted light when the width of face of Rhine and a tooth space is equal, it 

Cx^Oe 11 Cx'^TtoS 2] In addition, although above-mentioned explanation explained fee case 
o " two o more oblique illumination method as an example, even when zona-orb ^s ilhumnati on 
etc is used for example, to improve the contrast of an image more is desired. In fee illummation- 
Ugh stod equipmenf which illuminates a reticle etc., using positively the illummation light toward 
wWchfeis invention inclined to fee optical axis in view of this point When patterns, such as fee 
reticle, are Rhine - and - toofe-space patterns which make a longitudinal direction a direction 
nemendicular to the plane of incidence of the illumination light When patterns, such as the reticle 
^projected by projection optics, it aims at enabling it to improve the contrast of the image with fee 
device by fee side of illumination-light study equipment. 
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rMeans for Solving the Problem] In the illumination-light study equipment to which t the 1st 
lMn^ation-light study equipment by this invention illuminates the predetermined field on a body 
""ei^y Z iSuminatL hght from .an illumination-Ught system . shown ^ 
drawing 3 The inclination light means forming which forms the "^nation wluch 
Selihtmation-light study system illuminates the predetermined field ft^~^2Sn Hght 
inclination light is changed and it has a polarization means (25B, 25C) to form the illumination ugm 
£SKl<: linearly polarized light in the direction .which intersected perpen he £ar^1he 
plane of incidence of that inclination light that carries out oblique illumination of that predetermined 

f 0 e 014] Moreover, the 2nd illumination-Ught study equipment is set to the i^^f^shidy 
eauutment which has the light source (20) which supplies the illumination light and the condensing 
oXTsy tern (26) which ilfuminates the predetermined field on a body (12) to homogeneity by this 
£aS£ lwn in drawing 3 P The inclination light means forming (24) which form the 
serndaTlUfsource which carried out eccentricity to the optical axis of the condensmg optical 
system^ Sanation light, and illuminates the predetermined field from across is arranged 
berw^n fiie light^urce (20) and its condensing optical system (26). This inclination light is 
changec a^d a polarization means (25B, 25C) to form the illumination hght which xarnesout *e 
nnSlv notarized light in the direction which intersected perpendicularly to the plane ; of incidence ot 
Sehn^ti^ which carries out oblique illumination of that predetermined ^ field is arranged 
bXeen that inclination hght means forming (24) and its condensing optical system (26). 

TFunctionl Hereafter the illumination light from the four small light sources which carried out 
P* Principle of this invention explains taking the case of two or more oblique 
Jhod which illuminates a body. First, according to the ^t Ulurmnat!^ hght shidy 
eaiuoment of this invention, as shown, for example in drawing 3 , the inclination hght (27B, 27C) 
ScMUuniinaTesrob ect ve (12) predetermined field from across is formed, and the linearly 

vector vibrates in the direction perpendicular to plane of mcidence) of 

UghtK the illumination-hgnt study equipment of the drawmgl is simplified, it will become like 

SoT^riwingi (a) shows the equivalence light source sections 10, such as ; the , seconda^ hght 
Surce me illumination-light study equipment of drawing^ and the four small light 

source HA-llS are arranged in accordance with the symmetrical shaft in this drawig_l (a) about 
S x'whfch crosses at 45 8 degrees to the x axis and the y-axis which form a rectangular coordinate 
w^tem respectively and this shaft x*, and the y-axis. 

rOMTl DrSj <d) shows the outline configuration of the projection aligner which used the 

ESS^ Sdy equipment of that dxa^ngJL . and its equivalence hght 

eS toX equivalence light source section of __ra___j_g_I (a) m this dj__wing_l (b) ; Chief «y . 15A of 

E=ylsfe 

JJSSSSOW and* ^stfSen« to a reticle 12. Similarly, in taint! (a) the linearly 
nLSSuidtl o(Z light from each smaltaess light sources 11B-11D is earned out .n the directum 
fe Th^Son pedicular to die plane of incidence to a reticle 12, of the arrow head of ta.Bg 
1 (a), and it carries out incidence to the reticle 12 of djawmgj. (b). 
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[00181 Moreover, incidence of the zero-order diffracted light (this is also expressed with sign 15A) 
from a reticle 12 and the primary diffracted-light 16A is carried out on a wafer 14 through projection 
optics 13 First, supposing the patterns formed in the reticle 12 are Rhine - long in a direction parallel 
to the x axis or the y-axis of drawing 1 (a) which is a suitable pattern for the conventional example, 
and - tooth-space pattern, since the polarization direction is the direction of 45 degree to the pattern, 
the illumination light diffracted in x directions or the direction of y with the pattern is in the same 
image formation situation as random polarization. Therefore, contrast is the same as the conventional 

example. . . . . 

[0019] On the other hand, supposing the patterns formed in the reticle 12 are Rhine - long in a 
direction perpendicular to x' shafts of drawing 1 (a), and - tooth-space pattern 9, the primary 
diffracted light of illumination-light 1 5 A from small light source 1 1 A will enter in the pupil of 
projection optics 13. In addition, in drawing 1 (b), x' shafts are space and parallel. Here as shown in 
drawing 1 Co), zero-order diffracted-light 15A and primary diffracted-light 15B of the illurmnation- 
light 15A are S polarization (light to which an electric vector vibrates in the direction perpendicular 
to the space of drawing 1 (b)) with both the polarization directions (direction where an electric vector 
vibrates) parallel on the front face of a wafer 14. Therefore, it becomes larger than the time of the 
cross protection on a wafer 14 being random polarization, and the image of high contrast is made. 
For this reason, when it diffracts in the direction of x\ and a part of diffracted light comes out of a 
pupil, conventional un-arranging [ that contrast falls ] will be compensated [ as explained usmg 

m020] Here the difference of the intensity distribution by the polarization direction is described 
below briefly. Drawing 2 has shown the situation the image surface, i.e., near the front face of a 
wafer 14 using P polarization (light which has the oscillating direction of an electric vector in plane 
of incidence), and S polarization (light with the oscillating direction of an electric vector 
perpendicular to plane of incidence). It is the incident angle of zero-order diffracted-light 15A and 
primary diffracted-light 16A, respectively theta 0 And theta 1 When it carries out, the intensity 
distribution Is on the image surface in S polarization (x) are briefly shown as follows using 
amplitude distribution Us (x). 
[Equation 5] 

Is(x) =|Us(x) |2 Vs(x) =a0 and exp [-i(2 pi/lambda) (sinthetaO) x] 

+ al and exp [-i(2 pi/lambda) (sintheta 1) x] 

[0021] Therefore, intensity distribution Is (x) are as follows. 

[Equation 6] . 

Is(x) =a02+al2+2a0 al and cos [(2 pi/lambda) (sinthetaO-sinthetal) x] 

Here it is a multiplier aO. And al It is the (amplitude) in the strength of the zero-order diffracted 
light 'and the primary diffracted light, respectively. In the case of Rhine - and " tooth-space pattern 
which have a pitch in the direction of x', since, as for two, only the zero-order diffracted light passes 
projection optics 13 among the four small light sources, the contrast Cs of S polarization is as 
follows. 

[Equation 7] Cs=2a0al/(2a02+al 2) . 
T00221 On the other hand, in P polarization, x components and z component of polarization must be 
considered A degree type will be obtained, if the amplitude distribution Up on the image surface m 
P polarization (x) is expressed with a vector and x components and z component are shown. 

U^fxJ^m 3 aO, exp [-i(2 pi/lambda) (sin thetaO) x], and ] [ cos thetaO] + al and exp [-i(2 pi/lambda) 
(sin thetal) x] and cos thetal, aO and exp [-i(2 pi/lambda) (sin thetaO) x] and sin thetaO +al and exp 
[-i(2 pi/lambda) (sin thetal) x] and sin thetal , ,s 

[0023] Therefore, the intensity distribution Ip on the image surface in P polarization (x) are as 
follows. 

[Equation 9] . , n . __ . 

Ip(x) =|Up(x) |2 =a02+al2+2a0 al x (costhetaO costhetal+sinthetaO sinthetal) 

xcos[(2 pi/lambda) (sinthetaO-sinthetal) x] 

[0024] Therefore, the contrast Cp in P polarization is as follows. 

[Equation 10] 
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Cp=2a0 al cos(theta0-thetal)/(2a02+al2) 

(Several 7) (several 10) is compared and, in P polarization, it turns out that contrast becomes cos 
(thetaO-thetal) twice. For example, considering the case of sinthetaO =0.4 and sinthetal --0.4, it is 
set to cos(thetaO-thetal) =0.68 and, the case of P polarization, and in the case of S polarization, a big 
difference sticks. Since random polarization is considered to be an average with P polarization and S 
polarization, contrast is =(1 (l/2)+0.68) 0.84. 

[0025] Thus, a big difference arises in contrast by considering as S polarization. That is, when the 
illumination light of a polarization condition like drawing 1 (a) is used, the increment in the contrast 
of about twenty percent is conventionally expected to Rhine - with an parallel edge, and - tooth- 
space pattern in the direction which crosses at 45 degrees to a x axis and the y-axis, and it turns out 
that it is effective in a detailed pattern. 

[0026] In addition, what is necessary is just to change into the light which carries out the linearly 
polarized light of the light from the light source of the shape of zona orbicularis of the equivalence 
light source section 10 to a direction respectively perpendicular to plane of incidence, i.e., the 
tangential direction of the circle centering on an optical axis, as shown, for example in drawin g 7 (a) 
if mis invention is applied to for example, zona-orbicularis illumination although explained until 
now taking the case of two or more oblique illumination method. 

[0027] Next, according to the 2nd illumination-light study equipment of this invention, as shown, for 
example in drawing 3 , the secondary light source which carried out eccentricity by the illumination 
light from the light source although inclination light is formed is formed. If it considers that the 
secondary light source is the equivalence light source 10 of drawing 1 (a), above-mentioned 
explanation will be applied also to this invention as it is. 

[° 028 ] , • , 1 C.U 

[Example] Hereafter, with reference to drawing 3 and drawing 4 , it explains per 1st example of the 

projection aligner equipped with the illumination-light study equipment by this invention. This 

example applies this invention to the illumination-Ught study system of a projection aligner. The 

illumination-light study system of the projection aligner of this example is shown, the illumination 

light from the light source 20 which consists of a mercury lamp is condensed in the ellipse mirror 21 

in this drawing 3 , and this condensed illumination light carries out incidence of drawing 3 to the fly 

eye lens 23 (optical integrator) through a collimator lens 22. Field-like the secondary light source is 

formed in the focal plane by the side of injection of the fly eye lens 23 (reticle side). 

[0029] The spatial filter 24 with which four openings which carried out eccentricity to the optical 

axis AX were formed near the injection edge of the fly eye lens 23 is formed. Moreover, polarizing 

plates 25A-25D are put on the reticle side (or it may be a light source 20 side) of four openings of 

this spatial filter 24, respectively. However, in drawin g 3 , only polarizing plates 25B and 25C have 

appeared. As drawing 4 (a) is a sectional view which meets AA line of drawing 4 (a) and shows the 

front view which looked at the spatial filter 24 of drawing 3 from the reticle side, and drawing 4 (b) 

to these drawing 4 (a) and (b), four openings 24a-24d are formed in a spatial filter 24 at intervals of 

90 degrees centering on an optical axis AX, and these openings are covered with polarizing plates 

25A-25D, respectively. Moreover, the polarization direction of these polarizing plates 25A-25D is 

set as the tangential direction of the periphery centering on an optical axis AX, respectively, as an 

arrow head shows. Therefore, the linearly polarized light of the illumination light injected from the 

openings 24a-24d of the spatial filter 24 is carried out in the direction respectively almost parallel to 

the tangential direction of the periphery centering on an optical axis AX. 

[0030] The four secondary light sources which carried out eccentricity to drawing 3 to the optical 
axis AX with return and a spatial filter 24 are formed. After the illumination light injected from these 
four secondary light sources passes polarizing plates 25A-25D, respectively, incidence of it is earned 
out to a reticle 12 through the condenser-lens system 26. In addition, the spatial filter 24 (polarizing 
plates 25A-25D) is formed in the before [ the condenser-lens system 26 ] side focal (light source side 
focus) location, and the pattern formation side of a reticle 12 has the arrangement side of a spatial 
filter 24, and the relation of the Fourier transform about the condenser-lens system 26. Incidence of 
the chief rays 27B and 27C injected from the openings 24b and 24c of a spatial filter 24 in this case 
is aslant carried out to an optical axis AX through the condenser-lens system 26 on a reticle 12, 
respectively. Moreover, the linearly polarized light of these chief rays 27B and 27C is carried out m 
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the perpendicular direction to the plane of incidence (the direction of space) to a reticle 12, 
respectively. 

[0031] When Rhine - which has a long edge, and - tooth-space pattern are formed in the parallel or 
perpendicular direction to the straight line which connects the openings 24a and 24c of drawing 4 (a) 
on a reticle 12 as principle explanation of this invention explained for example, if such an 
illumination-light study system is used, the pattern can be projected on a wafer 14 through projection 
optics 13 under good contrast rather than before. Here, the incidence side face and body side (the 
reticle 12 or wafer 14) of the fly eye lens 23 are constituted by conjugate, and the injection side face 
(secondary light source 10) of the fly eye lens 23 and pupil surface 10A of projection optics 13 are 
constituted from equipment of drawing 3 by conjugate, in addition, another big polarizing plate 
between [ other than the configuration of drawing 3 ] the fly eye lens 23 and a spatial filter 24 — 
arranging — a part of four openings 24a-24d of a spatial filter 24 — or - all - alike - 1/2 wavelength 
plate — arranging ~ every — you may make it adjust the angle of rotation of 1/2 wavelength plate 
The illumination light which polarized also by this to the tangential direction of the periphery 
centering on the optical axis AX as shown in drawing 4 (a) is obtained. In this case, therefore, it is 
necessary to form ** and 1/2 wavelength plate in the polarization direction of another big polarizing 
plate at no openings of a spatial filter 24. 

[0032] furthermore — for example, — the case where the whole spatial filter 24 of drawing 3 which 
serves as the equivalence light source by using the laser light source by which the laser beam of the 
linearly polarized light is injected as the light source is illuminated by the illumination light of the 
linearly polarized light — a part of four openings 24a-24d of a spatial filter 24 — or what is necessary 
is just to boil all and to form 1/2 wavelength plate of a suitable hand of cut In this case, although it is 
also good for a part of openings to form 1/2 wavelength plate, it is effective when the way which 
forms 1/2 wavelength plate in all openings reduces the variation in lighting. Thus, when the 
polarization direction is adjusted using 1/2 wavelength plate, since there is no loss of the illumination 
light, lighting effectiveness is good. 

[0033] Moreover, when illuminating the spatial filter 24 of drawing 3 used as the equivalence light 
source using the equipment which generates the illumination light of the circular polarization of light 
as a whole, it is good to form the quarter- wave length plate of the suitable hand of cut for each 
opening of a spatial filter 24. 

[0034] Next, with reference to drawing 5 , it explains per 2nd example of this invention. Drawing 5 
shows the projection aligner of this example, and the illumination light from the light source 20 
becomes the parallel flux of light mostly in this drawing 5 through the ellipse mirror 21, the bending 
mirror 28, and the input lens 29. Supply of the illumination light to the input lens 29 is suspended at 
any time by bending with that ellipse mirror 21, arranging a shutter 30 between mirrors 28, and 
closing this shutter 30 with a drive motor 31. As the light source 1, the excimer laser which generates 
for example, KrF laser light etc. can be used out of a mercury lamp. When using an excimer laser, a 
beam expander etc. is used instead of the optical system to the ellipse mirror 21 - the input lens 29. 
[0035] And the 2nd polyhedron prism 33 which has the heights of the 1st polyhedron prism 32 
which has the crevice of 4 pyramid molds (pyramid mold), and 4 pyramid molds (pyramid mold) 
sequentially from the input lens 29 is arranged. The illumination light injected from this 2nd 
polyhedron prism 33 is divided into the four flux of lights with equiangular around the optical axis 
centering on the optical axis. 

[0036] Incidence of the flux of light divided into these four pieces is carried out to the fly eye lenses 
34A, 34B, 34C, and 34D of the 2nd group, respectively. Although only the fly eye lenses 34A and 
34B are shown by drawing 5 , on both sides of the optical axis, two fly eye lenses 34C and 34D are 
arranged in the direction perpendicular to the space of drawing 5 . And the flux of light injected from 
fly eye lens 34A is mostly changed into the parallel flux of light through the guide optical system 
which consists of lens systems 35A and 36A, and carries out incidence to fly eye lens 37A of the 1st 
group. Similarly the flux of light which injected fly eye lens 34B of the 2nd group It is mostly 
changed into the parallel flux of light through the guide optical system which consists of lens 
systems 35B and 36B, and incidence is carried out to fly eye lens 37B of the 1st group. Incidence of 
** which carries out an illustration abbreviation, and the flux of light which injected the fly eye 
lenses 34C and 34D of the 2nd group is carried out to the fly eye lenses 37C and 37D of the 1st 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/16/2006 



JP,06-053120,A [DETAILED DESCRIPTION] 



Page 7 of 8 



group through guide optical system, respectively. 

[0037] The fly eye lenses 37A-37D of the 1st group are arranged at intervals of 90 degrees around 
the optical axis. Although field-like the secondary light source is formed in the reticle side focal 
plane of the fly eye lenses 37A-37D of the 1st group, respectively, the adjustable aperture 
diaphragms 38A-38D are arranged to the forming face of these secondary light sources, respectively. 
Furthermore, polarizing plates 39A-39D are arranged, respectively to the reticle side of these 
adjustable aperture diaphragms 38A-38D. In addition, in drawing 5 , only the adjustable aperture 
diaphragms 13 A and 13B and polarizing plates 39A and 39B have appeared. 

[0038] It is moderately condensed through the auxiliary condenser lens 40, a mirror 41, and the main 
condenser lens 42, respectively, and the illumination light which penetrated and injected polarizing 
plates 39A-39D from these adjustable aperture diaphragms 38A-38D illuminates a reticle 12 with an 
almost uniform illuminance. The pattern of the reticle 12 is imprinted for the predetermined 
contraction scale factor beta according to projection optics 13 by the wafer 14 on the wafer stage 
WS. The polarization direction of these polarizing plates 39A-39D is parallel to the tangential 
direction of the periphery centering on an optical axis AX. For example, chief ray 43 A of the flux of 
light penetrated and injected carries out incidence of adjustable aperture-diaphragm 38A to the 
polarizing plate 39 A aslant to an optical axis AX on a reticle 12, where the linearly polarized light is 
carried out in the direction perpendicular to space. In addition, the polarizing plates 39A-39D shown 
in drawing 5 are substantially formed in the before [ the condenser-lens system of the synthetic 
system of the auxiliary condenser lens 40 and the main condenser lens ] side focal (light source side 
focus) location, and this location is pupil surface 10A of projection optics 13, and conjugation 
substantially. 

[0039] The contrast of the projection image on Rhine [ of the predetermined direction of / on a 
reticle 12 ] - and the wafer 14 of - tooth-space pattern is improvable with this example. Furthermore, 
since the fly eye lenses 34A-34D of the 2nd group other than the fly eye lenses 37A-37D of the 1st 
group are formed, the homogeneity of the illuminance on a reticle 12 is improved further. In 
addition, in drawing 5 , polarizing plates 39A and 39B may be arranged, for example in the locations 
44A and 44B between relay optical system, respectively, and may be arranged in the location of 
further others. Moreover, when the illumination light from the light source 20 is already the linearly 
polarized light, 1/2 wavelength plate may be used instead of polarizing plates 39A and 39B. 
[0040] Next, with reference to drawing 6 and drawing 7 , it explains per 3rd example of this 
invention. This example changes the spatial filter 24 of the 1st example shown in drawing 3 
explained previously, and shows the example which formed the spatial filter 240 which has opening 
240a of the shape of **** zona orbicularis shown in drawing 6 (a) in the injection side of the fly eye 
lens 23. The secondary light source 45 of the shape of zona orbicularis which carried out eccentricity 
to the injection side of the fly eye lens 23 from the optical axis AX by arrangement of this spatial 
filter 240 as shown in drawing 6 (a) is formed, and the light from the secondary light source 45 of 
the shape of this zona orbicularis reaches pupil surface 10A (entrance pupil side) of projection optics 
13 through a condenser lens 26 and a reticle 12, as shown in drawing 3 . Here, if the situation of the 
zero-order diffracted light and the primary diffracted light by Rhine [ of a reticle 12 ] - and 
diffraction operation of - tooth-space pattern is considered in order to simplify explanation, as shown 
in drawing 6 (b), primary diffracted-light 45B of the shape of zona orbicularis to which the strike slip 
of zero-order diffracted-light 45 A of the shape of zona orbicularis [****/ the zona-orbicularis light 
source 45 ] and the zona-orbicularis-like zero-order diffracted-light 45A was carried out will be 
formed in pupil surface 10A of this projection optics 13. 

[0041] In this case, in this example, as shown in drawing 7 (a), the polarizing plate 250 of the shape 
of zona orbicularis which polarizes the illumination light injected from the secondary light source 45 
of the shape of zona orbicularis of the equivalence light source section 10 to the tangential direction 
of the periphery centering on an optical axis AX, respectively is formed on the spatial filter 240. 
Thereby, the image of high contrast can be obtained to a detailed pattern. In addition, as shown in 
drawing 7 (b), polarizing plates 250A-250H are formed on each zone using the spatial filter 240 with 
opening which divides the zona-orbicularis-like light source into each radii-like zone, and you may 
make it become the illumination light of the linearly polarized light of the tangential direction of the 
periphery centering on an optical axis AX for every zone. 
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[0042] In addition, as for this invention, it is needless to say that configurations various in the range 
which is not limited to the above-mentioned example and does not deviate from the summary of this 
invention can be taken. 
[0043] 

[Effect of the Invention] According to the 1st [ of this invention ], and 2nd illumination-light study 
equipment, it inclines to a body, and when the pattern on the body is Rhine - and - tooth-space 
pattern which make a longitudinal direction a direction perpendicular to the plane of incidence of the 
illumination light, and the pattern of the body is projected by projection optics, there is [ since the 
illumination light which carries out incidence is polarizing in the direction perpendicular to plane of 
incidence ] an advantage which can improve the contrast of the image sharply. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the equivalence light source which presents explanation of the 
principle of the illumination-light study equipment by this invention with (a), and (b) are the outline 
block diagrams showing the projection aligner which used the equivalence light source of drawing 1 
(a). 

[Drawing 2] It is drawing with which explanation of the principle of this invention is presented. 
[Drawing 3] It is the block diagram showing the illumination-light study system of the projection 
aligner of the 1st example of this invention. 

[Drawing 4] The front view in which (a) shows the spatial filter 24 and polarizing plates 25A-25D of 

drawing 3 , and (b) are sectional views which meet AA line of drawing 4 (a). 

[Drawing 5] It is the block diagram showing the projection aligner of the 2nd example of this 

invention. 

[Drawing 6] They are drawing in which (a) shows the equivalence light source and the spatial filter 
240 of the 3rd example of this invention, and drawing showing the situation of the diffracted light in 
the pupil of the projection optics 13 by (b) having used the spatial filter 240. 

[Drawing 7] Drawing in which (a) shows the polarization condition of the illumination light from the 
equivalence light source of the 3rd example, and (b) are drawings showing the equivalence light 
source of the modification of the 3rd example. 

[Drawing 8] Drawing in which (a) shows the equivalence light source of two or more oblique 

illuminations, and (b) are drawings showing the situation of the diffracted light in the pupil of the 

projection optics 13 at the time of using the equivalence light source of drawing 8 (a). 

[Drawing 9] It is drawing showing the case where a specific pattern is illuminated with two or more 

oblique illuminations. 

[Description of Notations] 

10 Equivalence Light Source 

1 1 A-l ID Smallness light source 

12 Reticle 

13 Projection Optics 

14 Wafer 

20 Light Source 

22 Collimator Lens 

23 Fly Eye Lens 

24 Spatial Filter 
24a-24d Opening 
25A-25D Polarizing plate 
26 Condenser-Lens System 

[Translation done.] 
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[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 2nd partition of the 7th section 
[Publication date] March 16, Heisei 13 (2001. 3.16) 

[Publication No.] JP,6-53120,A 

[Date of Publication] February 25, Heisei 6 (1994. 2.25) 
[Annual volume number] Open patent official report 6-532 
[Application number] Japanese Patent Application No. 4-219782 
[The 7th edition of International Patent Classification] 

H01L 21/027 

G03F 7/20 521 

[FI] 

H01L 21/30 311 S 

G03F 7/20 521 

[Procedure revision] 

[Filing Date] December 21, Heisei 11 (1999. 12.21) 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] The exposure approach using illumination-light study equipment and this 
equipment 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] In the illumination-light study equipment which illuminates the predetermined field on a 
body to homogeneity by the illumination light from an illumination-light study system, 
Said illumination-light study system is illumination-light study equipment characterized by having a 
polarization means to form the illumination light which carries out the linearly polarized light in the 
inclination light means forming which forms the inclination light which illuminates said 
predetermined field from across, and the direction which intersected perpendicularly to the plane of 
incidence of said inclination light which changes this inclination light and carries out oblique 
illumination of said predetermined field. 

[Claim 2] In the illumination-light study equipment which has the light source which supplies the 
illumination light, and the condensing optical system which illuminates the predetermined field on a 
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body to homogeneity by this illumination light, 

The inclination light means forming which forms the secondary light source which carried out 
eccentricity to the optical axis of said condensing optical system by said illumination light, and 
illuminates said predetermined field from across is arranged between said light sources and said 
condensing optical system, 

Illumination-light study equipment characterized by having changed this inclination light and having 
arranged a polarization means to form the illumination light which carries out the linearly polarized 
light in the direction which intersected perpendicularly to the plane of incidence of the inclination 
light which carries out oblique illumination of said predetermined field, between said inclination 
light means forming and said condensing optical system. 

[Claim 3] The exposure approach characterized by illuminating the reticle as said body using 
illumination-light study equipment according to claim 1 or 2, and imprinting the pattern of said 
reticle. 

[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0012 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0012] In addition, although above-mentioned explanation explained the case of two or more oblique 
illumination method as an example, even when zona-orbicularis illumination etc. is used, for 
example, to improve the contrast of an image more is desired. In the exposure approach which uses 
the illumination-light study equipment and such illumination-light study equipment which illuminate 
a reticle etc., using positively the illumination light toward which this invention inclined to the 
optical axis in view of this point When patterns, such as the reticle, are Rhine - and - tooth-space 
patterns which make a longitudinal direction a direction perpendicular to the plane of incidence of 
the illumination light When patterns, such as the reticle, are projected by projection optics, it aims at 
enabling it to improve the contrast of the image with the device by the side of illumination-light 
study equipment. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0014 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0014] Moreover, the 2nd illumination- light study equipment is set to the illumination-light study 
equipment which has the light source (20) which supplies the illumination light, and the condensing 
optical system (26) which illuminates the predetermined field on a body (12) to homogeneity by this 
illumination light, as shown in drawing 3. The inclination light means forming (24) which forms the 
secondary light source which carried out eccentricity to the optical axis of the condensing optical 
system by the illumination light, and illuminates the predetermined field from across is arranged 
between the light source (20) and its condensing optical system (26). This inclination light is 
changed and a polarization means (25B, 25C) to form the illumination light which carries out the 
linearly polarized light in the direction which intersected perpendicularly to the plane of incidence of 
the inclination light which carries out oblique illumination of that predetermined field is arranged 
between that inclination light means forming (24) and its condensing optical system (26). Moreover, 
the exposure approach by this invention illuminates the reticle as the body using the illumination- 
light study equipment of this invention, and imprints the pattern of the reticle. 
[Procedure amendment 5] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0028 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0028] 

[Example] Hereafter, with reference to drawing 3 and drawing 4, it explains per 1st example of this 
invention. This example applies this invention to the illumination- light study system of a projection 
aligner. The illumination-light study system of the projection aligner of this example is shown, the 
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illumination light from the light source 20 which consists of a mercury lamp is condensed in the 

ellipse mirror 21 in this drawing 3, and this condensed illumination light carries out incidence of 

drawing 3 to the fly eye lens 23 (optical integrator) through a collimator lens 22. Field-like the 

secondary light source is formed in the focal plane by the side of injection of the fly eye lens 23 

(reticle side). 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0043 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0043] 

[Effect of the Invention] According to this invention, it inclines to a body, and when the pattern on 
the body is Rhine - and - tooth-space pattern which make a longitudinal direction a direction 
perpendicular to the plane of incidence of the illumination light, and the pattern of the body is 
projected by projection optics, there is [ since the illumination light which carries out incidence is 
polarizing in the direction perpendicular to plane of incidence, ] an advantage which can improve the 
contrast of the image sharply. 



[Translation done.] 
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■cos [(4x/l) (sin9) x] ) 
cos [ (4 n/\) (sin9) x] } 
CiSt3} 

' =3/ (l+a 2 /2 ) 

) (1 +a 2 /2) J >0 

tmft&lS.^® (2 4) ^©ftig (2 0) tf©M 
(2 6) fcOllUcEHU C©«»Jt*SE»b 

20 (2 5 b, 2 5 o ^^(ommftm^m (24) i:^ 

<0%m&&k (2 6) fcOlBCEHLfcfcOTfc*. 
CO 0 1 5] 

<tnif, mz.im3iC7K-r&5ic^ » (12) 
m®*m&Jsfafr<bmw-?2>mmyt (2 7 b. 270 
tfM?n> cn5,fs^ (2 7B, 2 7C) ti^nf 

4a%& (12) left? §Affi (IKS) Kfi***|taK: 
30 ittiffi^ (XM9icfiK«:#Al*:«ft^»h^««anb) 
LTV^„ itJSlfiifti:^ h /WD 

)trt<8IH©&l?8ofc:jgL;rcB#K, ^©£T-©ffi© 
tt*4:«OX«*lRli:*$trffi<0*i:Jtl|-r*. *©0 
3 ©HIWIfi^l«*«lS<tr* £0 1 ©J: 5 »c^:So 
COO 1 6] 01 (a) \m3<OWft?t^W<D2y&t 

wmmvmammi o*^u cohi (a) tc^^ 

40 tl45- T^M-T^iftx' StfC©«x' ^yfStML 
T«ft4l*fc»oT4fflO/J^ail 1 A~l 1 D*«e 

COO 1 7] 01 (b) «-?-©03©^7te¥^g*« 

^rcmzRKmm<?>n9&m&*mu c©m (b) 
*j^t. mmytm^i oumi (a) ©^ffl^gpfcii 
H/^„ zommytwffli 1 o©/h)tjiii 1 A*»6o»3tjtt 

©±ftfiS!l 5 AA^^*^Urc3>xV9— b>X^«r 
^> L T ^ 71/ 1 2 CJttt A X {C*f L TMfeK f$ft* * tl 
§. f04Ml5Atf@3©TO (2 7B, 2 7 

so o fcm-rso *<D£.ymi 5A©A^®ttiai 
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(b) com.mcw<j-e£>%rcsb, ±nur, 

±JW»15A*±Hl (b) OffiffitcSil^^fRltcfi^® 

2tcA»"TS 0 0 1 (a) tcfc^T> « 

/J^iBl l B-l l D^SO*i, 0 1 (a) (D&QIO 

^mm^tLTm 1 (b) (DU^^/H 2&cAtJ-f£o 

C0 0 18]£/c, l^*;M 2fr&<D0#HalSrtt (C 
n*fc«F9l 5ATSt) Rtf l*HSf«l 6Ati&I5 
#*3Rl 3^gt»)XAl 4±tX«t5o fcf\ 

/W-VTSSHl (a) OxfflXtiyfStc^T^fpI 
COO 1 9] CtUCttLT, fOUf^M 2£J£/££ 

ttfc^#— 01 (a) <dx' mcmm&fifaizm 

/J^iSl 1 Afr£><DmWft.\ 5 AOl^HSf^ia 
KftSMRl 3<D®rtfc:A£Ci:lc3:£ 0 »k 0 1 (b) 
Is (x) = I U s (x) | 2 , 
Vs (x) = a o -exp [— i (2^/A) 

+ ai -exp [-i (2 /r/A) (s 

»fi»*is (x) i±&<D£5ic mei 



(b) tc^-TJ:«5^, ^OBBWft 1 5 A(D0&\9lffiyt 1 
5 AStf 1 ^EJjf Jtt 1 5 B ItniCffiytJffa (MM'O V 

(0 1 (b) OffiffitcSS^7afRltc«m^^h7l/^fi»j 
T*&£ 0 ^x/w 4±k:*5^« ; F*a 

XhcommtZtiZo CtDfctbs H9*ffl^TRWLfc 

[0020] mftjffaiz&z&mftif;<Dm*ffi 
mc&TFicj&^Zo mm, bp-s^x/m 40 

5 a at; i xmtffyt 1 6 AOA»ft*ftifnao at; 

0i fc-TSfc. S «JttO«^©»BB±<05»«»* I s 
(x) ttiS»«Us (x) ^fflU>T^Oct-5^ffl#^ 

C2&5] 



( s i n 0 o 
n 0 i) 



) x) 
x] 



CO 0 2 1 ] gfot 



I s (x) =ao z +ai 2 
+ 2 ao ai -cos [ (2 ;r/A) (s 

cct\ Mao ar; a i ti^n^no^iHi&f^ac;i 30 

L&I^COT S h7XhCs W#W> J: 9 

Up (x) = (ao -exp [- i (2/r/A) (sin 0o ) 
+ a 1 • exp (- i ( 2 /r / A ) (s in 0 1 ) x ] 
ao -exp [— i (2/r/A ) (sin0o) 
+ a 1 -exp (— i ( 2 n / A ) (s in 0 1 

[oo23]fct x p M7tcDm&<Dmm±(Dimftif> « c?& 9 ] 

I P (x) fi^o*5^*s 0 

I p (x) = I Up (x) | 2 

= ao 2 4- ai 2 + 2 ao ai 

X (cos0o cos0i + s i n 0o sin0i 
Xcos ((2/r/A) (sin0o— sindi 

pi^i^3>h7Xhc p ctsi 0] 



in 0o — s i n 0 1 ) x) 
C£fc7] Cs = 2aoai/ (2ao 2 + ai 2 ) 
[0 0 2 2]-^ P«3tO«^{±. mytox&ftts 

±©IB»*Up (x) ^Wl/TILT, xf£#£ 

z ^ ^ *5£# » ens 0 

C3fc8] 

x ) • cos 0 0 

• cos 0 1 , 
sin 0o 

• s in 0i ) 



x] - 

) x) 



COO 2 4] fifoT. 

(»7) t (ffcl 0) 
3Vh7Xh^C o s 



x] 



C p = 2 ao ai cos (0o — 0i 
(0o -0i ) mt&ZCttfft so 



) / (2 



ao' 



a 1 



fr£o 0UAld\ s i n 0o =0 
0. 4 0l^m§^, 



4 N s i n 0i = — 
cos (0o —0i ) =0. 
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6 8i:ft^ Pfflft©»&fc S W*** ft 

%*&ft*©T?, 3>h^XHi (1/2) (1+0. 
6 8) =0. 8 

[0 0 2 5] CO^tC, SS^ir-T^C^tC^O. 31 
>h9*Mc;fc*aS£tf£i;*o 5P^> HI (a) Ocfc 

LT 4 5° TSEB'TS*lR!fc:x^s;^ffa5>r> • 7 
>F ■ X*<— X'<*->fc»LT* fe 2fJgJt 

[00 2 6] 46, cnsTt±»»^garaffi*«jc^ 
minimi (a) ictt&oic, mmytmsui o<o 

[0027] ^ic, *^com2o?^7 , e^Btc < i:n 
i/^o W2S:mfflxMi (a) (ommytmi 0 

[0 0 2 8] 

mmyt&mvm 1 mmm^-o^m 3 stf 1a 4 zmm l t 
ft £ ft® 2 ofr6o!HWJtt*«ra«2 1 -e»esn, C 

«0»)te*tifeBaWJt^=i U*-£U>X2 2^/VLT^ 

A8tT£o 77-<7VL/>X2 30i*ftBfiM (1^*71/ 

[0 0 2 9] 7^^Z-TP>X2 3 <Di*ffl«B{t3£fc3t(* 

;W-2 4^tSo Sfc. CO^ra^^7l/^-2 4 tD 
4ffl<DBflPOl^*7l/ffll (Xl±ft«2 OfWTfecfcvO til 
^n-?nfi7tS2 5 A- 2 5D^»itSo fiU 0 3 
T*ttffljfc«2 5 BRtf 2 SCOTtfltlTWo 04 
(a) fcfcH 3 2 4 £l/^;Mfflfr £J1 

rciEmm. 04 (b) &ia4 (a) (oaaw^s 

Ctlf)i4 (a) Rtf (b) fcjjVT «fc5lC. 
SSBB7-r/l/*— 2 4fctt)tiAX%W^lT> 9 0° 
HIS-e4fBOMP2 4 a-2 4 dtf»*Sfl, cn^i 

n^n^+iiwtttE 2 5A-25 DTit>ntv>§o * 

Tc, ^n5<lft1£2 5 A- 2 5 DOfflfttfftli^ft^ft 
OBBP2 4 a~2 4 d*>6»ffl«n*!IRBH)tttt. 



[0 0 3 0] 031CKD. ffi|ffl:7-r/I/*— 2 4fcJ;Dtt 
ttA X^LTd^Lfc 4 {@<D 2 ^ft^tf Jg/£2ft£ 0 

*h6 4ffl023^«^6ltffl«nfcBRW«t4*ft« f n 
ffifttiiZ 5 A — 2 5 DZmmLfciklC, U 
>X^2 6^gtl/f^;H 2f:AWt§o nv*r 

tt, 2H7y;W-2 4 OWE* 2 5 A-2 5 D) tf» 
10 l*SftT*5!K U^^;l/l 2<D>^*— >Jg^cffiCi3>-r 
Vt>— U>X3*2 6£l»LT£fB:7-r;l/*— 2 4€>IEB 

^^;l/^-2 4 0BBP2 4 bRtf2 4 c^5»a?n/c: 
±7t^2 7 BR(f2 7 C(in>r>t-l/>X^2 6 
StfnftiUf^/H 2±KftiftAXtcttLT$4a6tc 

xit-r^o ^fc. cne>±7t^2 7 BRt/2 7 cci^n 

SiSft^iRikiiSafflJtLTv^o 
[0 0 3 1] C0J:3ft!BBiJtt*3R*«ffl-r*i:, 
20 WOISaKWTIttWLrcJ:5^. 0J*fcfL^*;l/l 2± 
t04 (a) ©MP 2 4 a 2 4 c £*IIS^it«UC Jtl, 
T^fT^iSllft^lPlJcSv^x^^^-r^^^o . 7" 

ft^i 3^iiLT»>Ji/M 4±tcafg*r*ci:#-e£ 

£o CCT\ H3tOSHTt±. 77-<7'l'U>X2 3(D 
A#ffl9ffifc«M*S (U^;M 2Xt±">x/M 4) fctf 

ffi (2^«Jgl o) fca»3t*» 1 3<D«® 1 OAktf 
30 K19Ltcmj&-ZtiT^Zo ft&\ H3 0M(Dfflk:, 

-rr-rix>X2 3 t&my^fr*— 2 4 £<DFigics'j<D:*: 

£ftffl*K*KHU 2Fl7^;l/^2 4 0 4fiOTP 
2 4 a - 2 4 d SfXtt^gPfc 1 / 2 ^S1g^@HB L 
»l/2ttft«<DErt6ft*«B'r*J:5JcUTfe«fe 
V\ cntC^oT^, 04 (a) tC^-Tctaft. TtttA 
X ^ £ T ^ R A ommij iPl K L fcfKWlfttflf 5 

n^o sao^#ft<i^o<i7 , d73fR]^J:or 

ti, l/2Kfifili5H7-f;Vi»-2 4^ttDlP 

40 [0 0 3 2] Mtc. W^tfJtSfc LTKia«3feOU— if 
- if- A WW* ft* J: 9 ft lx-if-)t«*fieffl-r « c 
htcJ:?), 9«Jt«fcft*H30fflHl7^;l/*-2 4 0 

)\s$-2 4O4i(0iP2 4 a — 2 4 dO— gfSfctt^ 

■etxti/^ ^auoimpte i/2«s«*»tt*«d^ 

1 /2jft««*fl6fflLT«3t*ia*W»Lfc*&fctt, 
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coo3 3] zrc. ***kLTra««oaawi6*at-r 

2 4*mm~?z>m€>iau tmy^foz—z 4<d&bhp 
\cmnmW5fa<o i / 4 cfctfcfci^o 

[0 0 3 4] ^tc, *»W<0S2^SS«|^O*H5*# 

CDI3 5 iCfc^T. fti®2 0frt><D*mJtmMW&2 L 

tf¥ffJt*fc:*So *©«PMI2 i 

8 fcORBfcS'*^*-- 3 0*KBU C<Di/-\-y£ — 3 

u>X2 9fc»-r«Bare*o«*&*Hi«Fff± , r*o 

1 i:LTtt. Tkffl-^V^on^, 0J*tf K r Flx-if- 

Dtlf-Ax^x/OWfflSnSo 
[0 0 3 5] fit, -O'TV h 1/>X2 9fr6IWC, 

t*^S2C0^ffif*7 P UXA3 3£rIBg*T£ 0 C^2<D 

[0036] tn^AmKftm^nrzmL^n^nw, 

2%t<D7"7^y^UyX3 4 A, 34B, 3 4CM3 
4 DfcAJtS-eSo 05T*ti77^7^l/>X3 4AS 
tf3 4 BO*tfS«tin^^ H5 0ffltffitcSie3S:75r 
rpJ^^tt^A,T?2i@07^>r7'^UvX3 4 CRtf3 
4D^El^ntV^o fit, 77^7^1/^X3 4 
A36^6»astifc}tt«tt. b>X3R3 5ARtf3 6AJ: 

^lg^v^/^UyXS 7 AfcAIWSo ra«lc, 
»2»077-f7 r >rU>X3 4 B*»fflbft)t*tt, b 
>X^3 5BM3 6 BJ:Oas*r-<KW*JR*^LT 
«tf¥fr««lcS»i*nT*l»©75>f7-rb>X3 
7BfcA»U H^*Bt«t», ^23(7)77^7^1/ 
>X3 4CRff3 4D*»ffiLft)l6*li, ftlfn^ 

3 7DfcA*rr*o 

[0037] m iM<Dy^^r^uyX3 i a- 3 i d 

77-T7-ri/>X3 7 A-3 7 D <0 Isf- &J\/fflMMifil£ 

tt*n^nffitto25fc««*^j«sn«A^ f*i£2# 

TtSO^ffiiC^n^nRT^MPSKt) 38A-38D^ 
IBBfSo MtC Ctl6RT«BHP«t>3 8A-*3 8DO 
!^*;1/Wfc*ft^ttfflifcffi3 9 A-3 9 D^ISB^T 
£ 0 &fc> HSTttPlSBBPttO 1 3 A, 1 3 BRUM 

[0 0 3 8] ^tl&PTXHlnttt) 3 8 A — 3 8Dfr5fl 



«fi3 9A-3 9D*aBSLTl*mLfcfHW«tt. **l 
fn?iKjn>x^^-U>X4 0, ^7—4 l&tf£n 
VxVif- U>X4 2*«T3BS^»«?nTU^^;l/ 

1 2*»tfis— aja*Tiawr*o *ow;n 2<o 
o^^m 4^Bf^ojg/h^i5Tite¥^n5o 

l«fi3 9A-3 9D©®)tSl&Ill MAXWl^ 

-r«P3Ho»a^rrRik:¥tTTfc* 0 09*tfRrs?iiBp«D 
3 8 A^6«jt«3 9 A*aaLT»ta«ns^flD± 

2±icymAxicttLTn&bicx%i'?z>o * 

*>\ B5l;:;SLrt:ffl3fcfi3 9 A- 3 9 Dti, HKWlc. 
Slft^V-riy+r— U>X4 0 ^^z3>x>+f-u>X^ 

*5Rl 3coK®i 0Ai:MT*6So 
[0 0 3 9] #0lJK:£oT£, Uf^H2±OBrSO 

20 tC. S 1 §f077 Y7^T 1/>X3 7 A-3 7 DOffi^ 
2g¥077-<T-r U>X3 4 A — 3 4 D#^tt£>nT^ 

TV»5 0 BSlCfcl^T. fflJt«3 9 ARtf3 9 B 

tt*ft«l«*.fcfU l/-^^HOffli4 4AM4 
4BtElLTfeJ:<, MfcfltoffiBfcKBLTfc«fc 

£ 7 ti, fift«3 9 A&tf3 9 B(Dftt>*)lZ 1 

/2iSIKffifflLTt)J;v\ 
[0 0 4 0] ^C, *f8WOS3Hfififi?IJtCO^ia6St>* 

6 (a) fc5K^!©*l§»KG>BBP2 4 0 a^ttS^B 
7^;l/*-2 4 0^77-r7-ri/>X2 3 OtttUMlcR 
lfrcm*7jk-?$><DT*$>Z>o lO5^7^W-2 4 0O 
EBfc«fctK 77^7^1/>X2 3<OltWM^{i s 06 

(a) \cm?m<. ytmAxfrzm*bLrcmmvi<D2$i 
tttf* H3fc*vriD<* ^yf^-i/yX2 6, 

1 2 s^ltse^* 1 3 <oaiffl i o a (\mm 

tin 207-ry • 7>K • x/^— voasfff 
C(Ot3^3t^i 3co»Si OAf:^ 126 

(b) ^-r»< % mmytM4 5i:»iMoo^ 

BSf«4 5 AfcltWttO0*EII(f«4 5A*«fhS* 
fc(ft»ttO 1 *0»f«4 5 B*jg«sn*. 
[0041] col^ *»miBI7 (a) tc^-Tcka 

n s 8g w** * n^n^ n a x * ^ <t -r s n ja ojg^ 
so ^riftk:ffl^«-a'*(t»tto«)t«2 5 otfM7^;i/> 
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-2 4 o±icKtte>nTi/>a 0 ctita^ 

H7 (b) ^*rct5*t:lftWtt)l£«*ragB«0*i/ 

Tx S^-y±lC(IftK2 5 0 A-2 5 OH^KttT, 

*fiBfc©fHi|l! Jfc fcftSctd^LTfecfco^ 
[0 0 4 2] ft*, *SMBtt±aiiai«fc:HS*ti'f * 
^OBB*JftKbftt«HT*ai^O«j«*Bt0»*cl 
^ti^fraTfe^o 10 
[0 0 4 3] 

KSi6ft#jateffittLT^*©T. ^©^±0^*— 
• 7>K • X-C-X/^— >T*fe3 £ -5 ftit£* 

[01] (a) J: ^eaqB^^KBojRaoM 20 

BBte«-r*»«3H«*«'rH. (b) ttHl (a) 

[0 3] #fglJB<Dfg 1 ^HiffiWJOJS^BJt^HofiSK^ 

[04] (a) tiB3 0$H7 Y 2 4 Rtf««tE 
2 5 A-2 5 D£r*rTIEffi0. (b)^04 (a) (DA 



[05] *mio9 2nmmois&nxmi*K+miii 

[0 6] (a) tt*«WO»3*Jllfl»0*«)t«Ra ? ffi 

H7^;i/^2 4o*sm (b) te^my-ovz- 

[0 7] (a) Uft3^0|O«fifli^aR^&oagn%O 

fli*tt«*^-ria, (b) »»3HftOTo^0go9ffi 

[0 8] (a) immmmmw<DmmKm*7jkirm. 
(b) ti0 8 (a) vwmw*m*ttm&v>«a&yt& 
mi 3o«-eoH«fjtt<D«i?*^-rBi"e**o 
[09] aa^ftwwew^o^^-v^frawL/rc*^ 

l 0 9flB%« 
11A-11D /J^B 
l 2 
l 3 

1 4 ^IC^ 

2 0 Ttjg 

2 2 3»J^-^b>X 
2 3 T^U^X 

24 m^y-ois*— 

2 4 a — 24 d P*SQ 
2 5A-25D Sftffi 
2 6 n^^^-U^X^ 
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